Optimization of parameters in any process is vital to survive in the present competitive era as it helps to meet out the quality, functional and economical requirement of the product in the best possible way. In this work, TOPSIS (Techniques for Order Preference by Similarity to Ideal Solution) method is combined with Taguchi's technique to solve a multi objective optimization problem in Wire-electrical discharge machining (WEDM) of EN-31 alloy steel. Process information was gathered by Taguchi's L27 orthogonal array to study the effect of six input parameters on four responses. TOPSIS has been used to convert multiple responses to a response called as Multi-Performance Characteristic Index (MPCI). This MPCI was then optimized by Taguchi method. ANOVA revealed that pulse off time (41.38%) was the most significant parameter followed by the servo feed (26.80%) and pulse-on-time (15.10%) whereas the effect of wire feed, wire tension and spark gap set voltage is negligible. Further, the confirmation experiment with optimal parameters confirmed that the targeted multi-performance characteristic was significantly improved to achieve more desirable levels.
1.Introduction:
Wire electric discharge machining (WEDM) is a thermo-electrical machining process in which material erodes from the work piece by series of sparks between the work piece and the continuously moving wire electrode. The Wire electrical discharge machining plays a vital role in various manufacturing industries such as aerospace, ordinance and automobile, just to name the few. According to Trezise (1982) , the fundamental limit on machining accuracy in WEDM are dimensional consistency of the wire and the positional accuracy of the worktable. Moreover, selection of optimum combination of machining parameter to achieve higher material removal rate, surface finish and dimensional accuracy is a challenging task in WEDM due to large number of process variables and stochastic process mechanism. A large number of paper reveals that a lot of research work has been carried out on different materials to study the influence of various process parameters on WEDM. The outstanding characteristic of EN-31 steel has led to increased application in various industries especially in the areas of automobile, aerospace, mold and die making industries. EN-31 steel has high strength, toughness and impact resistance and is categorized as "difficult to machine" material posing a major challenge during machining. The optimal parameters for different performance characteristics are different and to select the best set of process parameters for an optimal performance, analytical and statistical techniques are required. In this work, the literature related to EN 31 alloy steel and MCDM has been carried out and presented in the following section. Hascalyk and Caydas (2004) investigated the machining characteristics of AISI D5 tool steel in WEDM and reported that the intensity of the process energy affects the amount of recast and surface roughness as well as micro cracking, whereas the wire speed and dielectric fluid pressure does not seem to have much influence. Liao et al. (2004) found that the machining voltage, current limiting resistance and capacitance significantly affects the surface roughness in finishing operation. Ramakrishnan and Karunamoorthy (2006) carried out the multi objective optimization of the WEDM process using Taguchi methodology. The effect of pulse on time, wire tension, delay time, wire feed and ignition current intensity was investigated in machining of heat-treated tool steel and it was reported that the pulse on time and ignition current intensity have significant influence over other parameters. The obtained results were analyzed to select the optimal set of process parameters for better surface finish. Khan et al. (2006) provided the relations of surface roughness with current and voltage in machining of mild steel, aluminum, cemented carbide, copper and stainless steel with different diameters of brass wire. Jangra et al. (2010) applied Taguchi method and grey analysis to determine optimal parametersfor optimization of multiple performance characteristic (cutting speed, surface roughness and dimensional lag) in WEDM of D-3 Tool steel. Singh et al. (2011) optimized multiple surface roughness parameters of GFRP polyester composites using TOPSIS method with Taguchi's robust design philosophy. Gadakh (2012) made a case study on optimization of WEDM process parameters using TOPSIS method for solving complex decision making problems. Behzadian et al. (2012) have conducted a state-of-the-art literature survey to taxonomize the research on TOPSIS application and methodologies.Nayak and Mahapatra (2013) conducted experiments on D2 steel in WEDM machining process and optimized the MRR and Ra. TOPSIS method in combination with Taguchi methodology has been adapted to solve the multi-response optimization problem. Parida and Routara (2014) studied the process parameters, cutting speed, feed and depth of cut in turning operation with dry environment. Multiresponseoptimization of process parameters has been done using TOPSIS with Taguchi approach.
The present investigation highlights a multi-objective optimization problem by applying TOPSIS (technique for order preference by similarity to ideal solution) based on Multi-Criteria Decision Making (MCDM) approach in combination with Taguchi's robust design philosophy in machining of EN-31 steel using WEDM Machine.
In the present work, the control factors were based on the pilot experiments conducted with randomly chosen factor combinations, through review of literature and experience. As per best of author's knowledge, no research work has been reported so far in the field of wire electrical discharge machining on simultaneous optimization of responses viz. material removal rate (MRR), surface roughness (Ra), gap current (Ig) and dimensional deviation (DD) in machining of EN-31 alloy steel using TOPSIS method. TOPSIS based MCDM approach has been adopted in combination with Taguchi's robust design philosophy to determine the best combination of cutting parameters namely Pulse on time, Pulse off time, Wire feed, Wire tension, Spark gap set voltage and Servo feed in order to maximize the MRR and Gap current, minimize the surface roughness (Ra) and dimensional deviation (DD) simultaneously.
Machining parameters and material details
The experiments were conducted on Electronica Ultra Cut S2 servo control type Wire Cut EDM 5-axis Machine as shown in Figure. In the present study, EN-31 alloy steel was taken as work piece material having following chemical composition: C-1.07; Mn-0.58; Si-0.32; P-0.04; S-0.03; Cr-1.12 and Fe-96.84%. It is rapidly finding its applications in mold and die making industries, automotive industries, manufacturing of jigs and fixtures, press tools etc., where high compressive strength, abrasion resistance and hardness were needed. In theexperimental investigation the thickness of work piece was 20 mm and the cross section of the cut made was 20 mm x 20 mm. The gap between wire and work piece i.e. wire offset was constantly maintained at 0.035 mm by a computer controlled positioning system. The surface roughness (Ra) was measured with Surfcom 130A instrument and the work piece cross section was measured by Mitutoyo Digital Height Master having accuracy of 0.0001mm.The dimensional deviation (DD) of the measured dimension is calculated in percentage using the following expressions: Dimension Deviation (DD) in % = Observed value -Actual value 100 Actual value  The average gap current (Ig) is a measure of power supplied to the discharge gap. High value of current provides a high pulse energy and leads to formation of deeper discharge craters resulting in increased value of surface roughness. This is the actual value of the gap current required during machining. The amount of gap current drawn during sparking is read on WEDM machine monitor and is expressed in ampere. 
Methodology
Generally, the manufacturing industries focus their attention on material removal rate (MRR), dimensional accuracy and surface quality. In order to obtain optimal cutting parameters to achieve the desired results, manufacturing industries refer the machine technology manual and/or depends on operator experience. This traditional practice may lead to high manufacturing cost, low product quality and decrease in the productivity due to sub-optimal use of machining capability. Hence, a systematic approach is required to find out the optimum parametric settings to achieve the best results.
Taguchi method has found extensive applications in parametric optimization as it explores statistically designed experiments. The approach is economic as it requires limited number of experimental runs and results in reliable prediction outcome. Moreover, Taguchi technique allows optimal search at discrete levels of process parameters in the defined domain that can be easily implemented in the experimental setup. TOPSIS is based on the principle that the chosen alternative should have the shortest distance from the ideal solution and the farthest distance from the negative ideal solution. Ideal solution is a solution that maximizes the benefit criteria and minimizes adverse criteria, whereas the negative ideal solution maximizes the adverse criteria and minimizes the benefit criteria. The steps involved in calculating the TOPSIS values are as follows (Singh et al., 2011):
Step 1: In this step a matrix is formed, the row of which is allocated to an alternative and column to an attribute. The decision making matrix thus developed is expressed as follows. Step 2: In this step normalized decision matrix is determined by the following relation. Step 3: Determine the weighted normalized decision matrix, Table 3 .The standard deviation method computes the objective weights of the attributes by the following relation. Step 5: The separation distance of each alternative from the ideal solution is determined with the help of following equations. 
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Step 7: The alternatives were finally arranged in the order and the one with largest relative closeness becomes the best choice.
In this work, i S  for each product was used as Multi-Performance Characteristic Index (MPCI) and were optimized by Taguchi method.
The flow chart of entire methodology is presented in Figure 2 which is self-explanatory.
Figure 2 Flow chart of adopted methodology

Data Collection, Analysis and Optimization
Twenty seven experiments were conducted as per L27 standard orthogonal array to investigate the effect of process parameters on the response characteristics. Each experiment was performed thrice and the average value of the responses were calculated and are presented in Table 2 . In the present study, design analysis has been carried out with Minitab statistical software.
The preference value for each experimental combination was determined by TOPSIS method outlined in section 3.
A decision matrix was formed by taking all the attributes of Table 2 . Rows of the matrix are allocated to alternatives and columns to attributes. Each response of the matrix were normalized. The normalization is the process of converting the data in the range of zero to one. The reason to perform normalization is that the quality characteristics are often expressed in different units and have entirely different magnitudes because of which a quality characteristic may seem to contribute a lot to the total variability of the system just because its larger magnitudes while the effect of other may be ignored.
The weight for each response were then calculated by standard deviation (SD) method and the obtained values are presented in Table 3 . These weights were then multiplied with respective normalized responses and the weighted normalized responses thus obtained are presented in Table 4 . The ideal best and ideal worst solution were then determined and are presented in Table 5 . A + indicates the ideal best value of the considered attribute among the values of the responses for various alternatives. In case of beneficial attributes, A + indicates the highest value of the responses whereas for non-beneficial attributes it indicates the lowest value of the responses. A -indicates the ideal worst value of the considered attribute and the reverse relation of A + holds true for negative ideal worst value for beneficial as well as non-beneficial attribute. of the surrogate responses for the proposed multi-response simulation-optimization problem. Table 7 , wherefrom it is evident that the pulse off time (41.38%) is the most significant parameter followed by the servo feed (26.80%) and pulse-on-time (15.10%). Wire feed, wire tension and SV have a negligible effect on MPCI. The coefficient of determination (R 2 ) which indicates the percentage of total variation in the response explained by the terms in the model is found to be 85.63%. The mean response and main effects in terms of MPCI were calculated and are reported in Table 8 and the main effect of process parameters plotted in Figure 3 shows that the optimal combination of process parameters A3 B1 C3 D3 E1 F3 yields the maximum value of MPCI for the WEDM of EN-31 steel. From the main effect plot, it is observed that the MPCI value increases with increase in Ton, SF and decreases with increase in Toff. Optimal result has been validated by conducting a confirmatory test. Predicted value of MPCI is 0.7991 which is highest among all entries of MPCIs in Table 6 . In confirmatory experiment the value came 0.7963 which is quiet close with the predicted value. So, proposed methodology has improved the quality.
Conclusions
The present work utilizes a hybrid of Taguchi technique and TOPSIS for simultaneous optimization of multiple characteristics in Wire EDM of EN-31 alloy. Following conclusions were drawn. 1. The optimal wire EDM parametric combination of Ton = 22 µs, Toff = 35 µs, WF = 12 m/min, WT = 10 gm., SV = 20 V, SF = 2080 mm/min has been determined by TOPSIS based MCDM approach. 2. ANOVA results revealed that the pulse off time is the most significant parameter followed by the servo feed and pulse-ontime. wire feed, wire tension and spark gap set voltage were found to have negligible effect on MPCI. 3. The entire analysis in this work revealed that Taguchi's quadratic loss function and TOPSIS concept can be efficiently combined towards a compatible multi-response optimization methodology.
